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, Symm [32, 33, 34] . 1
,
1 Fredholm
. Symm . , (
$)$




, Driscoll and Trefethen [11],
Gaier [12], Henrici [15], Kythe [21], Trefethen [35] . Trefethen
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1980 , :
(a) , (b) , (c)
, (d) . ,
.
, [1, 2, 3, 5] [22, 29]
. , (i)Symm 1
, (ii) 1
. , [19]







[22]. 2 Laplace Dirichlet
$\Delta g(z)=0$ in $D$ , $g(z)=b(z)$ on $C$ (1)
. , $C$ $z=x+iy$ Jordan , $D$ $C$
, $b(z)$ . $x,$ $y$ $z$
$g(x, y),$ $b(x, y)$ $g(z),$ $h(z)$ .
1
$g(z) \simeq G(z)=\sum_{j=1}^{N}Q_{j}\log|z-\zeta_{j}|$ (2)
. $\zeta_{1},$ $\zeta_{2},$ $\ldots,$ $\zeta_{N}\not\in\overline{D}(=D\cup C)$
( ) . $Q_{1},$ $Q_{2},$ $\ldots$ , $Q_{N}$ ( )
$z_{1},$ $z_{2},$ $\ldots,$
$z_{N}\in C$ ( )
1 ( )
$\sum_{j=1}^{N}Q_{j}\log|z_{i}-\zeta_{j}|=b(z_{i})$ $(i=1,2, \ldots, N)$ (3)
.
,
















$h(z)$ . $g(z)$ (2) , $h(’\sim)$
$h(z) \simeq H(z)=\sum_{j=1}^{r}Q_{j}\arg(z-tj)\lrcorner\backslash$ (6)
. , 1
$g(z)+ ih(z)\simeq G(z)+iH(z)=Q_{0}+\sum_{j=1}^{N}Q_{j}\log(z-\zeta_{j})$ (7)
. $Q_{0}$ , $Q_{0}$ $Q_{1},$ $Q_{2\dot{\prime}}\ldots.Q_{N}$
$f(z)$ .
, (Reimann )
. , ( ) Riemann
[30].
1 $D$ .
$w=f(z)$ , $D$ 1 $\tilde{4}0$ , $f(’\sim\sim 0)=0,$ $f’(’\sim\sim 0)>0$
.




, $g(z)$ . $h(z)$ (i)
$f’(0)>0$ , $i$ . $e$ ., $h(0)=0$ (9)
(ii)
$|f(z)|=1$ , i.e., $g(z)=-\log|z|$ $(z\in C)$ (10)




$G(z)+ iH(z)=\sum_{j=1}^{N}Q_{j}\{\log|z-\check{t}j|+$ iarg $(1-\overline{\zeta_{j}}\sim\sim)\}$
, $Q$; 1
$\sum_{j=1}^{A}Q_{j}\log|z_{i}-\dot{tj}|=-\log|z_{i}|$ $(i=1,2, \ldots, N)$
[1].
1













. Nehari [24] 2 (a) , (b)
, (c) , (d) , (e)
.
. , , ,
130








, , ( ) . , ,
1 $\nu$ ,
, ,
$f(\nu)=\infty(|\nu|<\infty)$ [8, 9, 10]. ,

















3 $S_{1},$ $\llcorner q_{2},$ $\ldots.S_{71}$
. , $z=x+iy$ Jordan $C_{1},$ $C_{2},$ $\ldots,$ $C_{n}$
$n$ $D$ $w=u+i\iota$
$w=f(\approx)$ . [31] (
$\theta_{1}=\theta_{2}=.$ . . $=\theta_{n}=\theta$ ) [24] .
2 , $S_{1},$ $S_{2,\ldots.l}5_{n}^{\gamma}$









3: ( $\zeta_{nj}$ , $z_{ni}$ )
. $g(\sim\sim)$ $h(z)$ $D$ , (i)
$z arrow x\lim_{}(f(z)-z)=0$ , $i$ . $e$ .. $g(\infty)+ih(\propto)=0$ (13)
(ii) $C_{m}$ $\theta_{m}$ $S_{m}$
${\rm Im}(e^{-i\theta_{m}}f(\sim^{F}\sim))=p_{m}$ , ie., ${\rm Im}\{e^{-i\theta_{m}}(g(z)+ih(z))\}-p_{m}=-1m(e^{-i\theta_{m}}z)$
$(z\in C_{m}, m=1,2\ldots., n)$ (14)
. $p_{m}$ $w$ $S_{m}$
. (13) (14) $g(z)$ ,
$h(z)$ $p_{m}$ .
, 1
$g(z)+ ih(z)\simeq G(z)+iH(z)=Q_{0}+\sum_{l=1}^{n}\sum_{j=1}^{N_{l}}Q_{lj}\log(z-\hat{(}lj)$ (15)
. $Q_{0}$ , $Q_{lj}$ ( ) . (
$)$
$t^{\succ}lj$ $D$ $C_{l}$ . 3
.
(i) 1 :(15) $D$ 1
$1_{c_{l}^{\gamma}}^{dH(z)}=1_{c_{l}}d\sum_{m=1}^{n}\sum_{j=1}^{N_{m}}Q_{mj}\arg(z-t_{mj}^{k})=2\pi\sum_{j=1}^{r_{1}}Q_{lj}=0A$
$\sum_{j=1}^{\Lambda\iota}Q_{lj}=0$ $(l=1,2\ldots., n)$ (16)
.
(ii) :1 , (13)





(iii) : $C_{m}$ $z_{mi}$ , (17) (14)




$(z_{mi}\in C_{m:}i=1,2, \ldots , N_{m}. m=1.2. . . . , n)$ (18)
. $P_{m}$ $p_{m}$ .
(16) (18) $Q_{lj}$ $P_{m}$ $\angle^{\prime\backslash r_{1}}+N_{2}+\cdots+N_{n}+\uparrow$ ? 1
. (17) $G(z)+iH(z)$ , $g(\approx)+ih(z)$ (12)
$F(\sim\sim)\simeq f(z)$ .
. , (17) $\log(z-\dot{\zeta}_{lj})$ $\{t^{k}ij-$
$t|t>0\}$ $2\pi i$ . $D$
. $C_{1},$ $C_{2},$ $\ldots,$ $C_{n}$
1 $\zeta_{10\cdot\dot{t}0\cdots\cdot\cdot\tilde{t}0}2n$ . 1 (16)
, (17)
$G( \approx)+iH(\sim\sim)=\sum_{l=1}^{n}\sum_{j=1}^{r_{l}}Q_{lj\{\sim-t^{k}lj}\Lambda\log(\sim)-\log(z-tl0)\}$
$= \sum_{l=1}^{n}\sum_{j=1}^{J\backslash \iota}Q_{lj}\log\frac{\tilde{z}-\zeta_{lj}}{-t\iota 0}$ (19)





, $Q_{lj}$ $P_{m}$ $\perp h_{1}^{\prime^{\tau}}+N_{2}+\cdots+fV_{n}+n$ 1
$\sum_{j=1}^{\tau_{l}}Q_{lj}\wedge=0$ $(1=1,2, \ldots, n)$ , (22)
$\sum_{l=1}^{n}\sum_{j=1}^{N_{l}}Q_{lj}\{-\log|\frac{z_{mi}-t^{k}lj}{z_{mi}-\zeta_{l0}}|\sin\theta_{m}+\arg\frac{\sim\sim_{mi^{-\zeta_{lj}}}}{\tilde{4}mi-t^{h}l0}\cos\theta_{m}\}-P_{7T\iota}=x_{mi}\sin\theta_{m}-y_{mi}\cos\theta_{m}$
$(z_{mi}\in C_{m}’, i=1,2, . , . \eta\Lambda^{T_{m}}. m=1,2, \ldots.n)$ (23)
.
Laurent Laurent




$a_{k}(k=1,2, \ldots)$ . (22) ,





$C_{l}$ : $|z-\zeta_{l0}|=1$ . $t^{k}\iota 0=3(2-1)$ $(l=1.2,3)$
3 $D$ ,
$z_{lj}= \zeta_{l0}+\rho l\exp\frac{\underline{)}(j-1)\pi i}{N}$ . $\zeta_{lj}^{h}=\zeta_{l0}+q\rho l\exp\frac{\underline{9}(j-1)\pi i}{N}$
$(j=1,2\ldots., N. l=1,2,3)$ (25)
. $0<q<1$ .
$\epsilon_{F_{t}}=\max|1m(e^{-i\theta_{I}}F(z_{li+1/2}))-P\iota|$ , $\epsilon p_{l}=P_{l}-P_{l}^{(2N)}$ $(l=1,2,3)$ (26)
$1\leq i\leq\wedge V_{l}$
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4: $($ $1, \theta_{1}=\pi/3, \theta_{2}=-/r/3, \theta_{3}=\pi/3)$
1: $($ $1, q=0.8)$
$\overline{\backslash _{\frac{\backslash l^{r}\epsilon_{F_{l}}\epsilon_{P\iota}P_{l}.\kappa}{C_{1}9.8E- 031.4E- 03- 2.526}}}$
16 $C_{2}$ 9.6E-03 4.7E-l5 lE-15 $5.9E+01$
$C_{3}/$ 9.8E-03 1.4E-03 2526
$\overline{C_{1}1.4E- 041.9E- 05- 2.52_{\overline{l}}63}$
32 $C_{2}$ 1.3E-04 6.8E-l5 -3E-l5 $6.7E+02$
$C_{3}$ 1.4E-04 1.9E-05 252763
$C_{1}$ 5.4E-08 7.3E-09 -2.527649209
64 $C_{2}$ 5.3E-08 9.2E-l5 3E-l5 $5.0E+04$
$C_{3}$ 5.4E-08 7.3E-09 2527649209
$\overline{C_{1}2.8E- 14}$
128 $C_{\underline{9}}$ 6.2E-l3 $1.3E+08$
$C_{3}$ 4.5E-l3
2: Laurent $(N=64, q=0.8)$
$\overline{\frac{k\cdot(Re_{\sim}4_{k}.Im.\cdot\cdot i_{k})(|A_{k}|,\arg_{\sim}\wedge 1_{k})}{1(- 1.2519098_{\overline{l}}E+00.8.5519_{\overline{l}}40E- 01)(1.52E+00,2.54)}}$
2 (lE-15, 3E-l5) (9.68E-l4, )
3 $(- 82803295E+00 1.68461022E$ $01)$ $(1.88E$ $01, 2.03)$
4 $( 5E- 13_{i} - 3E- l5)$ (4.92 $E$- $l$ 3, )
5 $(-7.64524793E+01$ . 1 $49351195E$ 02 $)$ $($ 1 $68E$ 02. 204 $)$
6 (3.6E-l2, -6E-l3) (3.60E-l2. )
7 $(-700280011E+02$ , 1 $32678120E$ 03 $)$ $($ 1 $50E$ 03, 206 $)$
8 (3E-ll. 2E-ll) (3.64E-ll. )
9 $(-6.38544491E+03$ , 1 $18175652E$ 04 $)$ $($ 1 $34E$ 04. 207 $)$
10 (3E-lO, 3E-lO) (4.65E-lO, )
19 $(-3.87961361E+08$ , 6. $7896499E$ 08 $)$ $(7.82E$ 08, 209 $)$
20 (6E-04. IE-04) (6.20E-04, )
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5: $($ $1, \theta_{1}=\theta_{2}=\theta_{3}=\pi/3)$
. $z_{li+1/2}\in C,\iota$ $z_{li}$ $zi_{i+}i$ , $P_{l}^{(2N)}$ $N$ $2N$
.
4 $\theta_{1}\cong_{\overline{l}}r/3,$ $\theta_{2}=-\pi/3,$ $\theta_{3}=\pi/3$ .
, $p_{1}+p_{3}=0$ . $p_{2}=0,$ $a_{2k}=0(k=1,2, \ldots)$ . 1
. $\prime i$ 1 (22), (23) $L_{1}$ , $P_{l}$ (26) 2
. 2 Laurent .
$\theta_{1}=\theta_{2}=.$ . . $=\theta_{n}=\theta$
. 5 . ${\rm Im}(e^{-i\theta}F(\approx))$ , 3
[18].
2 $C_{1}$ , Cassini $C_{2}$ , $C_{3}$ ,
$C_{1}:|z-\zeta_{10}|=1$ .
$C_{2}$ $:|(z-\zeta_{20})^{2}-1|=\mathfrak{a}^{2}$ $(\mathfrak{a}=1.06)_{r}$
$C_{3}: \frac{(x-{\rm Re}\zeta_{30})^{2}}{a^{2}}+(y-1m\zeta_{30})^{2}=1$ $(a=2)$ .
$t^{k}l0=3\exp\frac{2(l-1)\pi i}{3}$ $(l=1,2,3)$
137
6: $($ $2, \theta_{1}=\pi/3. \theta_{2}=0. \theta_{3}=-\pi/3)$
3 $D$ . $C_{1}$ , (25)
. Cassini $C_{2}$ ,
$z_{lj}=t_{2}^{-}o+R_{j}e^{i\omega_{J}}$ , $R,\cdot=\sqrt{\cos 2\omega_{j}+\cos\sqrt{2\underline{9}\omega_{j}+\mathfrak{a}^{4}-1}}$.
$j \dot{J}=\frac{2(j-1)\pi i}{4\nwarrow r}$ $(j=1.2, \ldots, N)$
,
$\zeta_{2j}=z_{2j}+iq^{*}(z_{2j+1}-z_{2j-1})$ $(j=1.2, \ldots.N)$ ,
$z_{20}=z_{2_{1}}\backslash \cdot,$ $z_{2N+1\sim 21}=\sim$ (27)




$\mathcal{Z}_{3j\hat{t}30+J(\rho e^{i\omega_{j}})}=$ , $\zeta_{3j}=\dot{t}30+J(re^{i\omega_{J}’})$ ,
$\rho=\sqrt{\frac{a+1}{o-1}}$ , $r=1+q(\rho-1)$ , $\omega_{j}=\frac{2(j-1)\pi i}{\prime\backslash \prime r}$ $(j=1.2, \ldots, N)$
.
6 $\theta_{1}=\pi/3,$ $\theta_{2}=0,$ $\theta_{3}=-\pi/3$ . 3
. Cassini , $C_{m}$ ,
$\theta_{m}=0$ , 1
(22), (23) . 3
.
(27) $C_{1}$ , $C_{3}$ . ,
Joukowski .
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3: $($ $2, \theta_{1}=\pi/3, \theta_{2}=0. \theta_{3}=-\pi/3)$
$\overline{\frac{\Lambda’\epsilon_{F_{l}}\epsilon_{P_{l}}P_{(l\hat{\iota}}}{C_{1}q=0.84.0E- 088.9\Gamma_{\lrcorner}\{- 10- 2.278920i_{\mathfrak{d}}^{r}68}}$
65 $C_{2}$ $q^{*}=1.0$ 6.9E-07 6.3E-09 2.834662827 $6.9E+06$
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